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Introduction
50
Global wind energy resources far surpass current energy demand (Kempton et al. 2010) .
51
Wind power is the fastest growing energy source in the world with an annual growth rate of 52 approximately 35% (Sathyajith and Philip 2011) . However, the variability of wind, and the 53 resulting intermittency of the wind power resource, is frequently cited as an obstacle to provision Kahn (1979) was the first to suggest that geographically dispersed WPPs could improve the 66 reliability of wind power. He analyzed networks of two to 13 WPPs and found that instances of 67 zero power decreased as sites were added to the network. Archer and Jacobson (2003) nameplate capacity of at least 10 MW (n=116) were catalogued and are also shown in Figure 1 .
102
Wind speed data from the North American Regional Reanalysis (NARR) (Mesinger et al.
103
2006) for the months of January and July 1979 -2010 were used to assess the wind resource.
104
January and July were chosen because they effectively represent the winter and summer wind correspond to 108 unique NARR grid points. In the context of this research, the term 'WPP' will 112 be used to refer to any NARR grid point that corresponds to an actual wind power plant.
113
NARR wind speeds were extrapolated to 80 m using the power law: by locating the pressure level nearest to, but below 80 m, and extrapolating from that height.
120
Only rarely was the distance greater than 70 m. The roughness exponent (α) was calculated at 
128
The 80 m wind speeds derived from the NARR data were used to calculate the wind power at 129 each three-hourly time step, assuming a single turbine at each WPP-associated NARR grid point.
130
We also assume use of the GE 1.5 MW turbine, which was used in the study by Archer and where P is power output in (kW) and v is wind speed in m s -1 (Figure 2 ).
7
To evaluate the effect of wind variability on power generated at various scales of For each network, wind resource and the wind resource reliability statistics were computed.
146
These included the mean and standard deviation of the wind speeds averaged over the network,
147
the mean, standard deviation, and the capacity factor (the actual power output divided by the 148 rated power output), the distribution of capacity factor fluctuations, and the firm capacity (the 149 amount of power guaranteed to be available, also termed capacity credit) 70%, 80%, and 90% of 
Results
156
The variability of network-averaged wind speed is inversely related to both the number of of 15%, 11%, and 7% for January and 6%, 4%, and 3% for July.
189
The capacity factor exhibits similar network behavior as the underlying wind speeds ( (Figure 3) , the rate at which capacity factor variations decrease diminishes with scale.
195
The advantage of aggregation is also manifest as fewer instances of zero power output. At 2012) have reported a potential underestimation of near-surface winds in the NARR data set.
217
We therefore considered the resource to be "poor" if the annual mean wind speed was less than WPPs.
11
The wind resource and saturation information were combined to produce a map of ideal in essence, interconnect WPPs so that within the system they will behave as if directly linked.
255
Larger balancing authorities would also provide a greater mix of other energy sources to improve 
